###### Key messages

-   The occurrence of diabetes mellitus (DM) in tuberculosis (TB) is quite high.

-   The documented prevalence of DM in TB in the present report is 12.3%.

-   New cases of DM account for 64% of all cases of DM in TB.

Introduction {#s1}
============

Worldwide, the prevalence of diabetes mellitus (DM) is on the increase. In sub-Saharan Africa, the burden of DM is expected to double in the next 18 years.[@R1] There are limited data on DM prevalence from Nigeria; in 1997, the prevalence of DM was reported to be 2.2%, and this study remains the only national survey on DM carried out to date in Nigeria. According to the International Diabetes Federation (IDF) Diabetes Atlas 5th edition, the prevalence rates of diabetes and prediabetes among adults in Nigeria are estimated to be 4.1% and 7.8%, respectively,[@R1] but given the ongoing epidemiological transition these rates are most likely higher. Globally, about half the cases of DM remain undiagnosed,[@R1] and this may be the same scenario in Nigeria.

Nigeria is considered not only to have a high tuberculosis (TB) infection rate but also a high multidrug-resistant TB burden (MDR-TB, ie, TB which is resistant to at least rifampicin and isoniazid). In 2011, there were an estimated 280 000 prevalent cases of TB, of which 190 000 were new cases with only about half of the new cases notified. Given the high prevalence of both DM and TB, it is likely that many patients have comorbidity. The DM-TB comorbidity not only confers an increased risk for the development of new and recurrent TB disease, but also increases the risk of poor TB treatment outcomes and increased rates of recurrent disease after successful completion of treatment.[@R2] These risks are known to become worse in people living with DM, especially if their blood glucose levels are high.[@R3] The stress of a severe chronic infection may enhance existing insulin resistance and unmask an underlying β-cell deficiency leading to hyperglycemia; it is therefore possible that the risk of DM is increased among people with TB, especially in the presence of other predisposing factors.[@R2] Several studies have shown that DM increases the risk of TB and that patients with TB have higher rates of DM.[@R2] Reported estimate rates of DM in patients with TB have been found to be 2.0--4.6 times higher than those in persons without TB or that of the general population.[@R2]

This study was undertaken to determine the concomitant burden of DM and pulmonary TB (PTB) among persons receiving TB care in 56 TB/directly observed treatment short course (DOTS) clinics in Lagos State, Nigeria. We also set out to compare clinical parameters of patients with TB with and without DM, as well as among patients with TB with previously known and newly detected DM.

Methods {#s2}
=======

This was an observational study aimed at detecting DM in patients with TB in Lagos, Nigeria. Nigeria, the most populous country in Africa, has 36 states of which Lagos State is the most cosmopolitan because it used to be the nation\'s capital.

Ethical approval for this study was obtained from the Lagos State Ministry of Health which directly oversees the DOTS centers within the State and informed consent was obtained from all study participants. We obtained parental/guardian consent for study participants aged \<16 years. Consent was obtained verbally and the elements of informed consent were presented orally to the subject or the subject's legally authorized representative. Verbal consent was sought because of cultural aversion to documentation of ailment as people often want to maintain anonymity as much as possible. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki.

Diagnosis and management of TB {#s3}
==============================

The diagnosis of PTB was made when any two of the following were present---positive sputum smear by microscopic examination of Ziehl-Neelsen-stained sputum slides for acid-fast bacilli, chest radiographs with suggestive features of TB, and clinical symptoms and signs of TB[@R11]. Sputum smear microscopy is done for patients during their first week on presentation to the DOTS centers. Patients diagnosed with TB were registered and treated with anti-TB drugs for a period of 6 months in accordance with the WHO guidelines[@R12]. The anti-TB drugs used in the intensive phase of 2 months are rifampicin, isoniazid, ethambutol, and pyrazinamide and in the maintenance phase, rifampicin and isoniazid.

Study population {#s4}
================

The study population included consecutive patients with TB aged above 12 years registered at the 56 TB/DOTS clinics between the period of March 2011 and July 2012. Inclusion criteria comprised patients aged \>12 years diagnosed and registered with PTB from any of the 56 designated TB centers in Lagos State. Patients either in the intensive or maintenance phase of anti-TB therapy or those who had completed treatment within the past month were included in the study.

Exclusion criteria included being pregnant, being TB treatment naïve, history of steroids use, histories suggestive of kidney and liver diseases, and inability to obtain consent for the study. Patients with kidney and liver diseases were excluded because of possible stress hyperglycemia which may act as a confounder.

Operational definitions {#s4a}
-----------------------

-   Known DM (KDM) referred to patients with TB who had been previously diagnosed with DM and were already on glucose-lowering medications. Persons with KDM were classified into short (\<10 years Q4 ), medium (11--20 years), and long duration (\>20 years) based on duration of DM. New DM (NDM) referred to patients newly diagnosed for the first time through screening as part of the study

-   TB recurrence was defined as TB disease that occurred in a patient with a prior history of TB treatment

-   Intensive phase of TB treatment: study subjects who are on rifampicin, isoniazid, ethambutol, and pyrazinamide

-   Maintenance phase of TB treatment: study subjects on rifampicin and isoniazid

-   Completed phase of TB treatment: in this context, it refers to study subjects who had completed anti-TB treatment

Data variables {#s4b}
--------------

Sociodemographic information and case histories were recorded by trained staff (doctors, nurses, health technicians) of the participating DOTS centers and Structured Healthcare Initiative, a registered non-governmental organization based in Lagos. Medical personnel from the DOTS centers and from STRUHI supervised these activities.

Variables captured for this report included the duration and phase of TB treatment, adherence to medication, history of DM, and hypertension. The duration of DM, treatment type, and the status of the family history were documented. All study subjects had their anthropometric indices measured. Computation of body mass index (BMI) and measurement of waist circumference (WC) were done. BMI was classified into underweight (\<18.5 kg/m^2^), healthy/normal (18.5--24.9 kg/m^2^), overweight (25--29.9 kg/m^2^), and obese (≥30 kg/m^2^). Blood pressure measurements were obtained with a mercury sphygmomanometer with the person in a sitting posture and the average of the two readings was recorded.

Blood samples were collected following an 8 h overnight fast for the measurement of plasma glucose (fasting plasma glucose, FPG). For persons whose blood glucose levels were tested under non-fasted conditions, suspicious results were repeated under fasted states. (The phone numbers of persons requiring repeat tests were stored and such persons were given reminders for retesting via phone calls.) Plasma glucose was determined using glucose meters based on glucose oxidase reaction that provides plasma equivalent readings (the Finetest Auto-coding, Infopia Co, Ltd, Korea). DM was diagnosed if the FPG concentration was ≥7 mmol/dL at two different time points (within a period of 1 week); FPG concentrations between 6.1 and 7 mmol/L were considered as impaired fasting glucose (IFG) in accordance with the 1999 WHO guidelines.[@R12]

Statistics analysis {#s4c}
-------------------

The data were analyzed using SPSS V.17. All quantitative data were expressed as mean±SD. The comparison of means was done using the Student t test and χ^2^ test was used to compare proportions between groups. The one way analysis of variance procedure was used to compute the differences in mean and CI for quantitative data. Patients were classified into two groups, that is, those with DM (KDM and NDM) and those without (no DM). We compared quantitative data between the two groups using the Student t test. p Values \<0.05 were considered significant.

Results {#s5}
=======

Of the 4000 patients with TB, 2383 were males and made up 60% of the study population. The mean age (SD) and age range of the study participants were 35.6+13.1 years and 12--85 years, respectively. Of the study patients, 640 (16%) had received tertiary education; 2480 (62%) secondary education; 680 (17%) primary education; and 200 (5%) were illiterate. There were 3269 (82%) patients with a positive sputum smear. The mean BMI and WC were 21.8 kg/m^2^ and 73.4±9.8 cm, respectively.

There were 3936 (98.4%) cases with new TB and 64 cases with recurrent TB. Sputum smear positivity was documented in 3263 (81.6%) patients with TB.

Clinical history identified 170 (4.3%) patients with TB with KDM. Screening for DM further identified 310 (7.7%) previously unknown new cases of diabetes---NDM. Thus, a total of 480 patients with TB were found to have DM, giving a prevalence rate of 12.3%. IFG was documented in 454 (11.4%) study subjects.

There were 202 (42%) females and 278 (58%) males with NDM or KDM. DM was documented in all age groups of patients with TB, but patients with DM and TB comorbidity were significantly older and had higher WC than patients with TB without DM. BMI was, however, not significantly different between the groups. Patients with TB and DM had a family history of DM and significantly higher rates of hypertension compared to those with DM only, mostly contributed by patients with KDM. A summary of comparison of the clinical characteristics of the study subjects with DM and those without DM is shown in [table 1](#BMJDRC2015000112TB1){ref-type="table"}.

###### 

Comparison of the clinical characteristics of patients with TB and DM (n=480) and patients with TB without DM (3520)

  Parameters                 Mean (SD)                 95%CI for mean   p Value
  -------------------------- ------------------------- ---------------- ---------
  Age (years)                                                           
   TB/DM                     40.9 (13.7)               39.6 to 42.1     0.0002
   TB                        34.9 (12.8)               34.5 to 35.4     
  BMI (kg/m^2^)                                                         
   TB/DM                     22.4 (4.9)                22.0 to 22.8     0.08
   TB                        21.7 (4.6)                21.5 to 21.8     
  WC (cm)                                                               
   TB/DM                     75.4 (11.3)               74.3 to 76.5     0.0001
   TB                        73.2 (9.5)                72.8 to 73.5     
  FH of DM                                                              
   TB/DM: TB                 126 (26.3%): 194 (5.5%)                    0.0001
  Elevated BP                                                           
   TB/DM: TB                 42 (8.7%): 19 (2.7%)                       0.03
  Recurrent TB                                                          
   TB/DM: TB                 57 (1.9%): 7 (1.5%)                        0.80
  Sputum smear positive TB                                              
   TB/DM: TB                 378 (79%): 2534 (83%)                      0.019

Statistical tests used are the Student t test and χ^2^ test.

BMI, body mass index; BP, blood pressure; DM, diabetes mellitus; FH, family history; TB, tuberculosis; WC, waist circumference.

Clinical parameters other than sex distribution differed significantly between patients with KDM and NDM. These results are shown in [table 2](#BMJDRC2015000112TB2){ref-type="table"}.

###### 

Comparison of clinical and biochemical parameters between patients with TB with newly diagnosed DM and patients with TB with KDM

  Parameters                                  Mean (SD)            95% CI for mean   p Value
  ------------------------------------------- -------------------- ----------------- ---------
  Age (years)                                                                        
   KDM                                        45.4 (13.1)          43.4 to 47.1      0.0001
   NDM                                        38.7 (13.3)          37.2 to 40.1      
  WC (cm)                                                                            
   KDM                                        78.8 (12.2)          76.9 to 80.8      0.0001
   NDM                                        73.6 (10.4)          2.3 to 74.8       
  BMI (kg/m^2^)                                                                      
   KDM                                        23.6 (5.4)           22.8 to 24.4      0.0001
   NDM                                        21.8 (4.5)           21.3 to 24.4      
  FBS (mmol/L)                                                                       
   KDM                                        9.2 (6.4)            8.1 to 10.3       0.60
   NDM                                        9.4 (4.4)            8.9 to 10.6       
  Qualitative data expressed in proportions                                          
   FHx of DM                                                                         
   KDM:NDM                                    16%:44%                                0.0001
  Sputum smear positivity                                                            
   KDM:NDM                                    55%:90%                                0.03
  Sex (F:M)                                                                          
   KDM:NDM                                    (70:101):(134:176)                     0.60

Statistical tests used are the Student t test and χ^2^ test.

FHx of DM---a family history of DM.

BMI, body mass index; DM, diabetes mellitus; FBS, fasting blood sugar; F, female; KDM, known DM; M, male; NDM, new DM; TB, tuberculosis; WC, waist circumference.

The proportion of persons in the intensive phase of management---216(5.4%)---in whom DM was detected was higher than that of those in the maintenance phase---88(2.2%)---and also higher than that of those who had completed anti-TB treatment---6(0.2%). However, these differences in proportions were not statistically significant (p=0.8). The mean blood glucose level in persons with DM was higher in the intensive phase of management of TB than in the maintenance phase (13.6 (7.9) vs 12.1 mmol/dL (7.4), p=0.90), but this difference was not statistically significant.

The proportions of patients with TB diagnosed with IFG in the intensive, maintenance, and treatment completed phases of anti-TB medications were 331 (72.9%), 111 (24.4%), and 12 (2.6%), respectively.

In our study, the rate of sputum smear positivity was high---3269 (89%). The rate of positive sputum smears was higher in patients with NDM compared to those with KDM and no DM. The difference in proportions was statistically significant (KDM 58% vs NDM 90%, p=0.03). There was no difference in the proportions of persons without DM and those with IFG that were sputum smear positive (83% vs 83%, p=0.90).

The mean duration (SD) of diabetes in patients with KDM was 4 (5.2) years (range 0.1--30). The majority of patients with KDM, −117 (68%), had DM of \<10 years duration; 31 (18%) had medium-term duration; and 23 (13%) had long-standing DM. Approximately 75% of the cases 123 (7%) receiving oral hypoglycemic agents (OHA), 26 (15%) were on insulin and 17 (10%) were receiving insulin in combination with OHA. Three (1.7%) and 2 (1.2%) were on diet alone and herbal medicines, respectively. Despite treatment, 94 patients (55%) with KDM had poor short-term glycemic control (FPG values ≥6.1 mmol/dL).

Recurrent TB was noted in 64 patients, that is, 1.6% of the study population. The occurrence of recurrent TB was similar in patients with TB with DM comorbidity and those without DM (7(1.5%) vs 57(1.6%), p=0.70). All recurrent cases of TB among those with DM comorbidity were documented in persons with newly diagnosed DM.

Discussion {#s6}
==========

Our study showed that patients with TB who had DM tended to be older and had higher mean WC dimensions compared to patients with TB without DM. We have also noted that the proportion of patients with TB and DM comorbidity who had a significant family history of DM and histories of elevated blood pressure was higher than that of patients with TB without DM.

TB and DM are two diseases that are individually relatively common and of immense public health significance globally. Their association and consequences are well established,[@R2] [@R8] but some aspects need further research. A particular lacuna noted is the lack of data on the occurrence of DM in TB from developing countries and, in particular, Africa.[@R13] [@R14] Our study provides new evidence of this association from the most populous country in Africa. The results of this study highlight the importance of screening for DM in TB, which hitherto had not been done. It is hoped that detecting DM in TB will help reduce the disease burden of TB and DM.

In 2011, the WHO and the International Union Against Tuberculosis and Lung Disease (The Union) launched a new 'Collaborative Framework for the care and control of Diabetes and Tuberculosis', with one of the important activities being the routine implementation of bidirectional screening of the two diseases (WHO and IUATLD 2011).[@R13] [@R14] Our study demonstrates that with staff training and availability of glucose meters and strips, screening for DM in patients with TB can be implemented in the TB/DOTS clinics in Nigeria. This will help identify a large number of previously undiagnosed cases of DM. The screening of those with no known diagnosis of DM would result in a yield of 7.7%, translating into 21 500 newly diagnosed patients with DM per year. In a country with high rates of undiagnosed DM, screening will help case finding particularly among the vulnerable section of society.

The DM prevalence rate of 12% among patients with TB is almost three times the estimated prevalence of DM in Nigeria.[@R1] The numbers of persons in whom DM was detected in this report may be understated given that the diagnosis of DM was based on the estimation of fasting blood glucose (FBG) which is less sensitive than the standard 75 g 2 h oral glucose tolerance test (OGTT). A recent large study from China using FBG has reported very similar DM prevalence rates in patients with TB.[@R15] Information on DM/TB comorbidity in Africa is limited. A study from Mwanza, Tanzania,[@R10] using the standard 75 g 2 h OGTT, reported a DM prevalence of 16.7% (95% CI 14.2 to 19.4) and 9.4% (95% CI 6.6 to 13.0), among TB cases and controls, respectively. In that study, the occurrence of DM was documented to be associated with the presence of TB (OR 2.2, 95% CI 1.5 to 3.4, p=0.01).

Higher BMI increases the risk of DM; but is known to protect against TB.[@R16] Additionally, active TB disease and poor DM control both cause weight loss. When complicated with TB comorbidity, the association between DM and BMI is therefore not straightforward. We note in this report that the mean BMI between patients with DM comorbidity and those without DM was comparable. On the other hand, WC or waist-to-hip ratio, a marker of central obesity, is often shown to be more closely associated with DM than a high BMI.[@R19]

It is pertinent to note that the majority of cases of recurrent TB were seen in newly diagnosed DM, indicating that perhaps the onset of hyperglycemia and consequent lowering of immune response reactivated TB disease. As patients with DM are more likely to die during a first course of TB therapy prior to a diagnosis of relapse, their apparent risk of recurrent TB is lower because of loss to competing risks.[@R5] Our study is an observational study and therefore not designed to answer the question of possible association between recurrent TB and the development of DM.

We noted significantly lower rates of positive sputum in patients with KDM compared to those with NDM and no DM. We are unable to explain this finding. Reduced cough reflex and ability to bring out sputum due to associated autonomic neuropathy in patients with long-standing diabetes has been reported,[@R1] but whether this was the case in our study subjects cannot be stated because we did not check for diabetic autonomic neuropathy.

The period soon after TB registration and at the start of anti-TB treatment may be associated with infection-related 'stress hyperglycemia'. In studies[@R20] [@R21]assessing blood glucose levels at multiple points during the course of anti-TB treatment, the prevalence of hyperglycemia decreased over time, leading to the suggestion that screening should occur later on or after TB treatment has been completed, otherwise false-positive DM diagnoses might occur. There was no statistical difference in the proportion of patients with euglycemia (no DM), KDM, and NDM in different phases of TB treatment. The mean blood glucose level in persons with DM was higher in the intensive phase of management of TB than in the maintenance phase, but this difference was not statistically significant.

The argument that testing for DM should be delayed is flawed both from the perspective of TB infection control and type 2 diabetes. Early recognition of hyperglycemia and its management is important. Hyperglycemia has negative consequences for immune responses and infection control.[@R22] [@R23] Similarly, glucotoxicity from prolonged hyperglycemia impairs β-cell function and reduces insulin secretion, setting in motion a negative cycle of hyperglycemia begetting hyperglycemia. Even though some patients with TB with stress hyperglycemia revert to normoglycemia without treatment for diabetes when TB infection is cured, they still continue to remain at a future high risk of diabetes and consequent TB recurrence and preventive lifestyle measures will help them to prevent this development.[@R22]

The following are limitations of this report: An OGTT is deemed more sensitive in detecting DM than other glucose tests but we were unable to carry out this test;Glycosylated hemoglobin tests which are useful in the diagnosis of DM were not carried out due to financial constraints;Our study population reflects patients registered with the TB/DOTS clinics in Lagos State who had access to care, although our findings may not reflect the overall general state of DM and TB care in Nigeria.

The strength of this report lies in the fact that this is one of the few studies to date carried out in a large number of patients with TB in Africa. This report, although descriptive in nature, gives us an insight into the huge burden of DM in TB in Lagos State. Although we advise that the results presented here be interpreted with caution, some of our findings are invaluable and would help in planning for further research on this subject matter.

Conclusion {#s7}
==========

This report has shown the relatively high occurrence of DM as a comorbidity in patients with TB. Further research is required to clarify specific groups of patients with TB who should be screened for TB and at what stage of treatment screening should be offered.
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